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ABSTRACT 


The k-8 diagrams for two different uniformly periodic 
loop antenna arrays are determined from measured near field 
amplitude and phase distributions of waves traveling on the 
Seruccures . 

It is found that there are frequency regions where 
these structures function as effective radiators. The di- 
rectional characteristics of the radiated fields depend 
upon the relative phase and amplitude distributions of the 
mear fields. 

The k-8 diagrams of these periodic antennas are used 
Bo predicr Ke behavior of their tapered broadband versions. 

Tne fwesults or this study denionstrate that providing 
appropriate conditions of phasing are met, backfire radia- 
tion can be established and, in turn, a successful broad- 


band antenna can be designed. 
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im 6 AN ODUC IITON 


A. HISTORICAL BACKGROUND 

in practice, chee are usually space and cost limita- 
tions on antenna systems. As a result, it is often nec- 
essary to design antennas which have almost identical 
operational characteristics over a range of frequencies. 
Research to develop antennas whose performance is almost 
independent of frequency was carried out at the University 
of Illinois in the period from 1955 to 1958. Consequently, 
many different unconventional structures were produced. 
Professor V. H. Rumsey, then antenna laboratory director, 
noticed that the features which result in frequency de- 
pendence are the "characteristic lengths" of the structure. 
Antenna performance, with regard to both input impedance 
and ratiation pattern, is characterized by the antenna di- 
mensions measured in wavelengths. Thus, Rumsey concluded 
that the structural feature required for frequency inde- 
pendent operation is the absence of characteristic lengths, 
hence the structure should be completely described by 
angles. He conceived of the "angle concept", which is, 
that a structure whose shape is defined by angles alone, 
with no characteristic lengths, should be a frequency inde- 
pendent structure. 

Many different kinds of structures were tested which 
met this angle concept requirement. In all cases the band- 


width was limited because of truncation effects, i.e., the 
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currents were not negligible at the point of truncation. 
R. H. DuHamel, one of the workers at Illinois, realized 
what if the currents on the structure fall off with dis- 
tance from the feed point more rapidly than usual, then 
they could be neglected at the point of truncation. His 
method for accomplishing this was to introduce discontin- 
Hines , Lor Be iG: teeth in the fins of a bow-tTie struc- 
ture, in an attempt to increase the radiation and the 
decay of current. DuHamel decided that he should follow 
Rumsey's angle concept as far as possible during design of 
Chis particular structure. Consequently, he cut the teeth 
atone Cireular arcs and let the length of the arcs be de-— 


termined by an angle (see Figure I-l.). 


Figure I-1l. 


Log-periodic toothed structure (self-complementary ) 


tne Cid wor fix the Gooth spacing, since the latter could 
not be specified by angles only. In trying to decide what 
spacing to use on the teeth, DuHamel noticed on the equi- 
oneilar Spiral. which was a successiul strueture, along a 
line drawn from the center outward, the spacing from one 
eomaucter To the next werévamea constant ratio. Hence he 


considered spacing the teeth in his structure at constant 
ce 1 O . 


This was accomplished by choosing the radii of the 
eirecullar arcs forming the corresponding parts of the suc- 


Cessive teethesuch that they were in a constant ratio, 


Ree ey" t. He also expected that the structure would not 
necessarily be frequency-independent but the performance 
on an infinite structure would be identical at a discrete 


number of frequencies, which were related by the equations, 
f =f me oie 


log fo ioc 7 + log(1/t) 


ah 


inspection of this last equation shows that the performance 
mena periodic function of the logarithm of the frequency 
(i.e., the frequencies at cain the performance is the same 
are spaced equally when plotted on a log scale). Thus, 
these types of structures were named "log-periodic" anten- 
nas. 

Many structures of this type were built and tested. 


some of them were successful and some of them were not. 


Further eee can be found in articles by Dyson [1] and 
Weeks [2]. 

The next major step was made by Isbell, a laboratory 
assistant working with DuHamel, when he invented the log- 
periodic dipole array. His work was motivated by the de- 
sire to Gevelop broadband arrays of more conventional 
Construction. Previous to Isbell's investigation, DuHamel 
had recognized that the sheet-metal structures could be 
Simulated with wires or tubes. Thus Isbell decided to 
build anc test an antenna array constructed of conventional 
wirelike elements with the length of the elements being 
Getermined by an angle, a, as before, and the spacings such 
as to give log-periodic type of behavior, (i.e., successive 
distances between the apex and the elements were in a con- 
stant ratio, Roi’ *n = TT). At this point the big question 
was how to excite the elements in this array. By previous 
experience, Isbell, decided that in order to simulate the 
toothed structure, the dipoles should be connected to a 
poraivel-=wite transmission line in such a manner that the 
puccesoive elements come out from the line in opposite 
directions. In addition, the consecutive dipoles should 
be connected with 180 degree phase shift to achieve a suc- 
Ecootul 1og—-periodic structure. He accomplished this with 
the type of construction indicated in Figure I-2. When 
this 180 degree phase shift was not added, unsuccessful 
designs resulted. Experiments with the structure showed 
that in a certain range of values for tT and a, the struc- 


ture was broadband with a unidirectional pattern. Isbell 
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also demonstrated that most of the radiation was coming 
from those dipole elements which were in the vicinity of 

a half wavelength long and that the currents and voltages 
at the large end of the structure were negligible within 
the operating band of frequencies. Finally, it was shown 
once again that the operating band frequencies was limited 
at the high end of frequencies corresponding to the size 

of the smallest elements and on the low end by the fre- 
Quencies at which the largest element is about a half wave- 


length long [3]. 





Figure I-2 


HOS=—DeErLodie Gipole construction 


10 


A mathematical analysis of the LP dipole antenna was 
made by R. L. Carrel [4, 5]. He divided the problem into 
two parts. The unknown voltages and currents along the 
feeder constitute the interior part of the problem. Deter- 
mining the unknown far fields of the dipole elements con- 
stituted the exterior part. Since the feeder determined 
the circuit properties of the antenna: impedance, voltage, 
aod eCurrenu, Clreuic techniques "eould be used in’ the solu- 
tron of the interior problem. By making the assumption 
that the element currents were sinusoidal, Carrel computed 
the mutual impedances between the dipole elements and the 
self-impedance of each element. By using these impedance 
values as loads on a transmission line, he then found the 
input impedance, voltages, and currents on the loaded 
transmission line, together with the input currents at 
each antenna element. As the last part of the problem, 
with the specific values for the magnitude and phase of 
Ene currents an the antenna elements, the radiation pattern 
Pose caleulaved. All ot these calenulations werevearried out 
Pipaedigigal computer, and the results compared with cor- 
responding values from experimental models. The computer 
output agreed with the experimental results perfectly. As 
a result of his work, Carrel presented a set of design 
curves which allowed one to choose the dimensions of a 
structure in order to meet specified design objectives. 

In spite of a massive research effort, it is still 


not known how one can assure desired performance of various 
t 


Aba 


types of ee eee antennas. lLog-periodic design has 
Lmce ly beenewan art, ameappilrcation of empricism based on 
intuition, and not really a science. Most of the papers 
written on the subject are experimental in nature and the 
theoretical development of the LP antenna design is very 
much in its infancy. Mittra and Jones [6] applied the 
same principles, as Carrel did, to various types of LP an- 
tennas. As mentioned before, this approach although quite 
useful for some LP antennas, does not cover all possible 
configurations. Another approach which views the LP de- 
vice as a tapered version of a "uniform" periodic struc- 
ture was first presented by Mayes, Deschamps and Patton [7]. 
They suggested that a knowledge of the near-field proper- 
ties of the uniformly periodic structure whose geometry is 
the counterpart of that of the log-periodic device may 
sead to a better understanding of the elements which govern 
successful .,frequency independent performance. 

iia g is the phase constant of a wave traveling along 
the structure and marge the free space wave SLE. the line 
of demarcation between slow and fast waves is defined as 
B = k; the wave being slow for 8 > k, fast for 6 < k. 
Backfire radiation (radiation directed toward the point of 
excitation) was believed to be the result of a space wave 
traveling along the structure in the direction opposite to 
the phase progression of currents in the feed line. It 
was further considered that the backward-traveling wave was 


due to the existence of backward space harmonics in the 
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Soccer MileoOh mune ser LOGtemsoltaucuure.» The periodic structure 
should produce only waves which are quite slow at the fre- 
quencies where radiation is not intended. At frequencies 
where radiat1on.is desired, one or more of the space- 
harmonic waves should be fast. Tnus, for the tapered LP 
structure, a feeder wave progresses toward the active 
(radiating) region under slow wave conditions. According 
we thts encory, the dominant space harmonic in the active 
region is one which propagates in the backward direction. 
The near-field characteristic of fundamental interest, 
therefore, is the relative phase velocity or, the k-§ re- 
lationship. With the uniformly period structure, the k-§8 
relation is observed as a function of frequency. Exten- 
sive use has been made of k-8 (Brillouin) diagrams by 
many investigators. Mittra and Jones [8] calculated the 
k-8 diagrams for unreversed and reversed uniform dipole 
arrays where only a single mutual admittance term between 
the antenna elements was retained (mutual admittance be- 
tween widely separated elements can be neglected). In 
the unreversed case the k-§ diagram began with a slow-wave 
region and shifted into a fast-wave region (which is radia- 
tion region) near the resonance point of the dipoles. This 
structure was tapered, showed large truncation: effects and 
Considerable frequency dependence. The reversed dipole 
array, which is the untapered counterpart of the well-known 
log-periodic dipole array, had a k-8 diagram that was es- 
sentially the same. The only difference was, the attenua- 


MiOteicemconstderably larger than in the previous case. The 


tS 


al 


taper ea somml Ol suis Struerure was a Successful broadband 
antenna. At the conclusion of this work, they emphasized 
that to get a well-behaved log-periodic antenna, one had 

wOmStare WilbnN tus) successi ul Untapered counterpart, this 

not being a sufficient but a necessary condition. 

In September of 1967, James E. Lindsay, Jr. [9] dis- 
cussed the possibility of the application of loop elements 
of one wavelength circumference in a Yagi-Uda array where 
there is a 1.8 db gain advantage over a conventional dipole 
yagi of equivalent length. For a loop of approximately 
one wavelength in circumference, the current distribution 
mH] SHOwn in Figure I-3, and it has Lossy transmission line 


PMomcecverttotrca.) Ihis touedotty Visvatized by considering 


CURRENT MAX. 


===. 







CURRENT 
NODE 


CURRENT 


NODE 
CURRENT 


MAX. 
* * PEED 
Figure I-3. 


Viircrehlaedistripibaoen Of a circular loop one- 
wavelength in circumference. 


the loop to be a deformed, shorted one-half wavelength 
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mar inel wire Los uiGdioiaessrOnwwiame bent into a cirele. 
Mie IOCcoe Thay Cm mia TelGurad@arion pattern which is 
maximum broadside to the plane of the loop (i.e., along 
the axis of the loop). The polarization will be linear 
and parallel to an imaginary line connecting the two cur- 
rent nodes. The directivity of a one-wavelength loop is 
approximately 1.8 dB above a one-half wavelength dipole. 
As mentioned before, this differential of 1.8 dB also 
Mepeaeo whet asparasivrce array Of Loops 1s compared to a 
Yagi-Uda array. A log-periodic antenna has been designed 
by the Taco Co., using conventional log-periodic dipole 
theory and replacing half wavelength dipoles with full 
wavelength loops. A log-periodic dipole array also was 
mace Lor comparison purposes. The results were quite en- 
Sourcecing with higher gain and better radiation pattern 
emaracteristacs than those from conventional log-periodic 
dipole arrays. In addition, it had broadband impedance 
eharacteristics. No attempt was made to analyze this log- 
periodic loop array and the operating bandwidth chosen was 
quite small, approximately 50 percent. 

Tiewecvellepmente ot themes —periedie concept has been 
mreacec anc the importance of uniformly periodic arrays as 
Perccrodnts of log-periodic arrays was pointed out. But 
it is obvious that there is an infinite variety of log- 
periodic structures. The obvious advantages of log-periodic 
loop arrays as mentioned in the last part of this section, 


encouraged this investigation. 


= 


og THE k-8 DIAGRAM, ITS DETERMINATION AND APPLICATION 
Otel ODI CO ot RUCTURES 


ene 1: DIge Wa er OlmO Mme pe hae Vals 

| The purpose of this thesis is to study uniformly 
periodic loop array antennas and from this to get some 
knowledge about their logarithmically periodic deriva- 
tions. it is largely an experimental effort. The k-8 
diagram which was obtained experimentally is used as a 
eM analyrre Cool to accomplish ent goal. 

As mentioned before, the k-8 diagram is obtained 
by plotting the free-space phase constant, k, versus the 
structure phase constant, 8, (or kd versus Bd, where d is 
the spacing between the antenna elements). For free-space 


propagation, k = 8, the diagram has the form of Figure I-4. 


kd 
k=8 
k>B 
k<B 
Ly oO 
0 Bd 
Figure I-4. 


Dispersion diagram of free space. 
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iicwiapediaeran LOr a perlod1e Structure can be separated 
into three frequency regions. This is illustrated by an 


example in Figure I-5. 





Paces i — >. 


Important regions of a representative k-8§ diagram. 


P (Propagation) region: The phase constant £6 in 
thas region is real. That is, the wave on the structure 
fSlaters arom imp tle Orne attenuation for.wthis band of 
frequencies. This region corresponds to the excitation or 
transmission line region in log-periodic arrays. 

C (Complex or Imaginary) region: The phase con- 


stant is complex and occurs at 8@d = -1. This creates a 


Lif 


eenbendy mere phe avpenvauon as5eatea DUT coupling to 
Space is poor. 

R (Radiation) region: The phase constant is once 
Scan Complex but this time sit occecurs well away from 
Bd = -1t. Here, the array is a very efficient radiator. 


The R region can also be divided into two regions, Ry and 


hee neeiOn he Genotes radiation in the backward direction; 


fe b 


i.e., radiation toward the feed-point. Re denotes forward 


radiation; i.e., radiation away from the feed-point. All 


of the successful log-periodic antennas have an R,_ region. 


b 
To date there have not been any successful log-periodic 
antennas built which have an Re region. 

The angle of radiation for a periodic structure 
mo eiven by Cos6 = Bd/ka. 

if the radiation occurs when 6 = k, the angle QO 
mich ts Z2Z6rOo.,and thas 15 an Re region. But if the radia- 
PommocciIwsaioar tne line 3 > —kK, the angle O»is a and 
paws 1S en Ry Seka (Ody SHCUCL) Sirs) sLigic al creo As aon iaars) potential 
broadband antenna if appropriately tapered. 

Hous UD. ouaruiIne Tromssmall values ofik, the 


untapered antenna must have a continuous P region then 


MoeyesInGe an kh. region. If the coupling to space for the 


b 


wave in Ry region is very effective, the k-8 properties of 


ume Surucvure beyond the KR. region are of no interest. 


b 


However, 18 the P region is interrupted by a C or Re 


region, ahead of the R, region, the tapered configuration 


b 


will be a potentially unsuccessful broadband antenna. 
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A properly designed log-periodic structure acts 
as a continuous impedance transformer and converts the 
energy from the source into radiative power. On the other 
hand, structures with P-Ro or P-C regions create large 
standing waves because of reflections into the source. 
Therefore structures with P-Rp and P-C characteristics are 
usually unsuitable as broadband log~periodic antennas. 
Hence, the antenna in Figure I-5 would be a poor broadband 
eumucture. 

e. Techniques for Obtaining k-8 Diagrams 

The k-8 diagram for a periodic structure is ob- 
tained either theoretically or exverimentally. Both these 
procedures have some advantages and disadvantages. In this 
investigation, an experimental approach was taken. 

a. Theoretical Determination of k-8 Diagrams 

AeConelcterwtreavnens Of this Subject 1s beyond 

the scope of this thesis, however, a brief discussion of 
mae technique follows. The starting point for calculation 
of the k-8 diagram is to formulate the characteristic 


ediavlon for Bp. In general, this equation has the form, 


OCs (¢ 


where F(8) is a transcendental function of 8, of the geo- 
Mevrrecal paramevers of the structure and of k. Solutions 
of this equation are plotted as a function of k, establish- 
ing the k-g§ diagram. 

By assuming the structure as a transmission 


line loaded periodically with a network and knowing its 


Ie 


admittance matrix [ Y ], one can write the node equation, 


for example for node 1. 


0 sta UNE V_» r (y,5td Cosec kd) Vary 


+ (-23 Cot kd + yap (Yar +J Cosec kd) Vy 


+ ¥43 ae (I-1) 


Where NES are the node voltages and ie is the mutual 
mivacanee wor ene Joadmnge network Tor mode Pe It is ob- 
vious that the entire structure is periodic and has a pe- 
mec dd, From the periodie nature of the structure it can 


Bemwirruven Una, 


I 
WD 
+ 
C, 
eb) 
we 


©) 
| 
8 
Mee - -3(p-q) Bd 
Yq Gee) 


where p and gq are arbitrary. Substituting the above equa- 


tion into Equation (I-1) and after some simplification, 


ms t 
0=(-2jCot kdty,,) + 20945 Tedoesec kd)  Cosed 


t 
Fey 13 eect ——— (i= 
OG 
t 9 
CosBd = Cos ka + 2*€9 Sin ka (I-4) 
2 
where 
leg = a 
A544 1 2L45 Cosgd + eZ, 3 Voci2e0 2 Soa -— = 
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nemetenom (aly is the characteristic equation for the con- 
figuration shown in Figure I-6. This equation was inde- 
pendently derived by various persons [8, 10], and can be 
simplified by disregarding higher order mutual impedance 
terms. Actually, even the calculations of each mutual 
impedance term are quite extensive. Therefore, arithmetic 
solution of the characteristic equation is handled on a 
computer but is still avery complex and time consuming 
operation. On the other hand, once the computer program 
is developed, it is very easy to examine different con- 
Maceo teOms OL GNe StruCctUre, just by changing the input 


parameters, d and k. The equation (I-4) is directly 


LOADING CIRCUIT 
(PERIODIC) 





Figure I-6. 


Transmission line loaded with a periodic circuit. 


vail 


applicable to different arrays, such as the monopole and 
dipole arrays [8]. 

several values of 8 may exist for a given 
value of k. Some of them can be real and others complex. 
ites veryeaifficult to tell what the relative amplitudes 
of the various solutions will be for a given source ex- 
GaeeatiOn Without SOlvingeime excitation problem, which is 
mime ccwlmGiiti cult, Arbitrarily choosing one of the solv- 
tions may be disastrous, because another one not considered = 
may be effective in the neighborhood of resonance, which 
can interfere with the accepted mode. This has been ob- 
served by Mayes and Ingerson [11]. Even if it is known 
That both modes are comparable in some frequency region in 
the uniformly periodic case, this does not mean that some- 
thing definite can be said about the relative importance 
of the neglected modes as compared to an accepted mode in 
the log-periodic case. No satisfactory formulation has 
been developed at this time for answering these questions. 

AveuncooretiCabecalculations which are per= 
formed, must be verified by experimental results. In view 
of these considerations, an experimental k-f investigation 
was undertaken. 

b. Experimental Determination of k-8§ Diagrams 

It is possible to avoid some of the difficul- 
ties and ambiguities which arise during a theoretical de- 
termination of k-8 diagrams, by using an experimental 


technique. This method is relatively easy and gives 


2c 


results whach are a clear and absolute indication of 
Chateacterustacs Of a periodic structure. 

The experimental determination of k-§8 dia- 
grams for a periodic array is accomplished by making near 
field measurements of a structure. Since the near field 
Vue to ecdireculy proportional to current on the conduct- 
ing elements, one determines relative current phase and 
iol tude distributions. 

At frequencies below which the loops are 
near the one wavelength resonance, the wave on the periodic 
MugtcvUrembtieave ls With Tittle or no attenuation. At this 
frequency band, the structure functions simply as a trans- 
mission line, and the propagation constant 8B Cal bese Geu- 
mined by measuring the effective wavelength. This is 
aecomplished by Terminating the end of the structure in an 
Spen Circuit, and measuring and plotting the resultant 
standing wave amplitude. As the frequency of the feeder 
wave is increased to where the loops approach wavelength 
resonance, the structure no longer behaves as a loaded 
transmission line. Here there is attenuation as the feeder 
wave travels along the structure away from the point of 
excitation. Therefore, the magnitude of the reflected wave 
is very small and not large enough to create a high stand- 
ing wave. Consequently, the propagation constant 8 can 
no longer be determined by an observation of the standing 
Wave Pattern. Actually, the incident wave is a traveling 


tev enewiGtiad re5ulvany progression of phase with distance. 


a3 


To obtain the propagation constant,’ the difference in phase, 
6, al two positions one period agart is divided by spacing,& 
ad. In otherwords, the slope of relative phase curve is 


whe" prepakasien constanter. 
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II. MEASUREMENT CONSIDERATIONS AND DESCRIPTION 
OF EXPERIMENT SET-UP 

~The purpose of making near-field measurements LS Ge 
determine the propagation constant § of the wave on the 
periodic structure. Measurements were made over a 2.5 
to 1 band in order to investigate the behavior of the uni- 
formly periodic array over a wide frequency range. 

iiemwhiean si relemMeasurements Cons Sted ol Medsurang 

the relative amplitude and relative phase of the current 
flowing along the periodic structure. The methods and 
corresponding set-ups for making these two measurements 


are discussed separately below. 


A. THE AMPLITUDE DISTRIBUTION MEASUREMENT 

the amplitude measurement set-up, shown in Figure II-1, 
is a relatively simple one. More sophisticated configura- 
tions could be arranged, such as using a probe driving mech- 
anism to get continuous sampling values. 

A step-by-step explanation of the procedure used for 
making the near field amplitude measurements follows: Re- 
fer tO Figure Til=-1. 

1. The structure under test is fed by the signal 
generator through a balun (the characteristics and design 
procedure of this particular balun are discussed briefly 
in Appendix A). If the output level of signal generator 


Pomioueou hi Clent pean peower Oscillator can be used. 


a 





SAMPLING 
PROBE 







Re alee i 
Syl LCs 


Se 


Ww soho lLAD DETER Tar 
(HP Moder 420 4) 










SIGNAL 

Git. 

(Mod 1000) 
HZ 


AMP. /METER 
eG 4. 


(HP Model 612 A) (HP Model 415 B) 


Figure II-1. 


Block diagram of equipment set-up for measurement 
of amplitude distribution. 
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en ‘The Sop Ling sprOvem om ecmh lone sau, Lie firs us leop. 
(Refer to Figure II-2, for the location of the probe with 
respect to the loop of the array.) 

3. The output from the sampling probe is connected 
through a crystal detector to the 1000 cycle amplifrier/ 
Meret moeine carciul nov to over oreunderdrive the crystal 
beyond its square-law region, otherwise, the amplitude 
Hova will nov be the true value o1 the near field. 

4, The double-stub tuners S, and S5 are adjusted for 
maximum indication on the meter. 

5. The amplitude indications for sampling increments 
Sur approximacvely One quarter of the structure period are 
igeecoraed. 

6. Data is plotted to produce a curve showing ampli- 
Mude Versus distance along the structure. 

{. The above steps are repeated for each desired fre- 


Quency of measurement. 


Sy THE RELATIVE PHASE MEASUREMENT 

These phase measurements are based One ene Concepu om 
Comparison. That is, the value of the phase angle of the 
Move ay 4 particular point on the structure is meaningful 
emily if it is COlmareamirersome Ovhecr point On the Strucvure. 
mre technique whieh is wsed, is to combine two signals of 
the same frequency, one of which is the sampled from the 
structure and the other is a phase reference signal. The 
relative phase of the sampled signal is determined by com- 


parison with that of the reference. A slotted line whose 


et 
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Details of the near-field sampling probe. 
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end is terminated in a 50 ohm matched load is used as @4 
source of variable phase. The relative phase measurement 
set-up shown in Figure II-3. The reference and the test 
signal are applied to a T-connection, which acts as a 

power combiner, the output of which is the phasor sum of 
the two signals. This output will depend upon the rela- 
tive magnitude and phase of these two signals. For a mini- 
mum, the two signals should be 180 degrees out of phase. 

Hi one is @Getecting minimum points, it is desirable to 

have the signals equal in magnitude. This is the ideal 
eenadition for minima detection but difficult to obtain in 
Mmactice. Asea rule of thumb, the two signals should not 
differ by more than about 6 db for a distinct minima de- 
tection. When the signals differ by much more than this, 
micemrnana becomes broad and difficult to locate precisely. 
The output of the combiner is then fed into a mixer and 

the resultant signals pass onto a meter for minima detec- 
mete. mence, starting from the first loop, for each incre-— 
ment of the sampling pnobe along the array, the reference 
probe in the slotted line should be moved by some corres- 
ponding increment to achieve the 180 degree phase dif- 
ference at the T-connection inputs. The amount of shift 

of the minimum from that of the preceding reading represents 
the change in phase of the wave over the incremental move- 
ment of the sampling probe. The minimum may shift either 
toward (leading phase) or away from (lagging phase) the 


feed end of the slotted line. Sampling increments of 1.5 cm 
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were adequate to make a relative phase curve for the fre- 
quency range of interest. 

The amplitude distribution measurements should precede 
tecoucenentss ot pliase.  Tneso doing, the frequencies where 
a sufficient standing wave pattern exists are discovered. 
At these frequencies, the guide wavelength can be obtained 
directly from the amplitude plot, otherwise, a successful 
determination of phase is almost impossible. 

The phase need not be measured beyond the distance 
mere the amplitude of the near field is attenuated by 
about 10 db. However, it is advisable to make measurements 
over six or seven cells even though the attenuation rate 
me hieh . 

icoolelo mice Seamer ep—Dy—-sucp OUGIdne of the pro— 
cedure used for making the near field relative phase measure- 
ments. Refer to Figure II-3. 


1. The reference signal E, is connected from the slot- 


R 

med line to the metering circuit through the detector. 

1000 HZ modulation is applied to the power oscillator by 

tuning the slotted line and adjusting Sy (double-stub tuner), 
R 


the power combiner (T-connection). A 6 db pad is used for 


moving the signal level. E.,is reconnected to the pad and 


fsOolation. 

ewe he sampling probe is positioned at the first loop 
with modulation still applied to the power oscillator. The 
sampling signal Eg is connected to the metering circuit and 
by adjusting So and 258 the signal level is made approximate- 


ly equal to Bp. Big is then reconnected to the pad and 


Sul 


power combiner. The pad provides 10 db attenuation for 
oO bak on. 

3. Modulation is now removed from the power oscil- 
lator. 

4. The local oscillator is tuned for the proper IF 
signal output from the mixer (30 MHZ above or below the 
RF signal frequency). 

5. The slotted line probe is moved to obtain a mini- 


mum indication of the IF amplifier/meter, that is, E, and 


S 


ER are 180 degrees out of phase. The maximum instead of 
minimum may also be chosen, which gives a similar result. 
iy that case, the two signals are in phase. The corres- 
pondane location of this Minimum on the slotted line is 
the reference point for further measurements. 

Sj eihesscanpline probe 2s chen meved to the next 
sampling position and the corresponding minimum is located 
poeclie Slovved line. The amount of shift in the position 
of minimum from that of the preceding value represents the 
change in phase of the wave over the incremental movement 
of the sampling probe. 

7. By repeating (6) for each increment of measurement, 
gava 1S obtained for plotting a curve showing relative 
phase versus distance along the structure. 

8. The above is repeated for each desired frequency 
of measurement. 

At this point, it is worthwhile to note some details 


regarding the probe used for sampling the near field. 


Se 


Ronecr ine svorpmeviOUS amvestugations [12] about near field 
measurements, a current-type sampling probe was chosen. 
The probe configuration is shown in Figure II-2. 

JEG abis essentially a circular loop enclosed by an 
electrostatic shield and oriented so that it is coupled 
primarily to the magnetic field of the antenna array, and 
is polarized parallel to the antenna elements. The probe 
is small enough to ensure the field is not seriously dis- 
mombead, DUG On the other hand, it is large enough Co 
Gecaeve SULTICGIent @urrent to produce an indication on the 
detection equipment. Further, it was found that when the 
probe was placed very close to the structure, superfluous 
Mmuets were observed in the standing wave pattern due To 
fields around the individual loops. A satisfactory loca- 
tion for the probe was found to be approximately 3 cm away 


meomn the array. 
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Tit. EXPERIMENTAL RESULTS AND INTEPRETATION OF DATA 


In this section of the thesis, results of the measure- 
ments Tie oiemena herent UNerorn ly periodic loop ssuructiices 
are presented and discussed. The only difference between 
these two antennas is the manner in which they are fed. 

The antenna elements in Type A are simply fed in shunt 

from a double-wire transmission line, hence, the structure 
Incorporates no mechanism for phasing other than that which 
the loops themselves provide through loading of the feed 
itime.s Om seme ouhner hand, tor Type B, the loops are placed 
along an alternately transposed double-wire feed line. 

This method provides a 180 degree phase shift between loops. 

Fach antenna with its corresponding data is discussed 


below. 


A. TYPE A - UNIFORM ARRAY (UNREVERSED ) 

Ute siianonmlin npc rege sLrucLUre. CONS iSUS Of an array 
of ten identical loops, equally spaced at 6.5 cm. along a 
BuG>wIre transmission line whose conductors are 2.5 cm. 
apart. The circumference et each Toop was chosen to be 
equal to approximately one wavelength at a midfrequency of 
800 MHZ (37.5 cm). The structure is illustrated in 
paeure LIT-1. 

Figures III-2 through 8 contain the recorded ampli- 


tude and phase data for this type antenna. The k-8 and 
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Peventa ficn curves of Figure III-9, which summarize the 
data are derived from the amplitude and phase curves. 

The points appearing on the amplitude and phase 
Surves represents the points along the structure at which 
the measurements were made. The relative magnitude of 
near-field current in db is shown along the right ordinate 
and the relative magnitude of the phase in degrees along 
Mgemtett, ordinate. The loop locations are along the 
abscissa, with the first loop at the extreme left. The 
data shown are generally those which correspond to the 
more significant points on the k-g8 curve. Each diagram 
represents a FPrecent frequency of operation. 

Since this structure is the first on which the measured 
mesults are presented, in the discussions of the Type B 
seruccture which follow, only the data which differ signi- 
ficantly from those for the Type A structure, are elabora-- 
ted upon. 

Beginning with the amplitude plot at 500 MHZ shown aia 
Figure [iI-2, it is seen that the amplitude Cars Gieio ll bem 
of current along the structure is of the form of a uniform 
standing wave. No attenuation is associated with the wave 
supported on the structure. The propagation constant can 
Pecevennined by finding the spacing between the adjacent 
nulls of the standing wave pattern. 

The standing wave pattern continues for frequencies 
ipmce COeMaZ., Whiehets 2 turnover point’. At frequencies 


near turnover, the standing wave pattern becomes distorted. 
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mererore the maxima and minima of the standing wave are 
no longer uniformly distributed. Between 700 and 720 MHZ, 
a distinct value of the aiberee constant cannot be found 
from either the amplitude distribution plot or the rela- 
tive phase curve. In that frequency band, the behavior 

of the phase curves are hard to predict. At 720 MHZ, the 
amplitude distribution shows attenuation and a distinct 
value of the phase constant can be determined from the 
relative phase curve. This region goes up to 825 MHZ. 
Here the structure is an efficient radiator. The phase 
curve yields a slope from the phase change in degrees per 
cell. If 6 is the phase change at) the distance d from the 


first element, then the phase constant 8 is given by, 


The attenuation per cell in db is also provided from the 
amplitude plot. However, the data at 875 MHZ shown in 
Figure III-6 indicates that the structure is approaching 
a frequency region of standing wave phase and amplitude 
GSascribucilon. Here the attenuation is very low and ef- 
fective radiation does not occur. This region of low 
maddablon exists up to 1200 MHZ. 

Final analysis of the data shown in Figures III-2 
through 8 is summarized in the k-8 or Brillouin diagram 
of Figure III-9. It also contains an attenuation curve 
showing the rate of decay of the wave along the structure 
aomoeiuinenton Of frequency. By inspection of the k-B 


diagram, an abrupt change is seen in the curve at about 


a 


{00 MHZ. Here the loops are close to their one-wavelength 
meoseCm@ence.weene LTrequencies below this turnover point, the 
SubPucture acts as a loaded transmission line. The loops 
are electrically short and the feeder wave propagates along 
me structure as a slow wave. This section corresponds to 
the feed excitation region in the log-periodic antenna. 

At frequencies above 700 MHZ, the phase velocity of 
the wave is fast, that is k>p. The plots of amplitude 
distribution shows that the rate of attenuation is greatest 
just above turnover and during this frequency range phase 
meopression is lagging. This corresponds to efficient 
mediation in the forward direction. 

The phase changes from lagging at 825 MHZ to leading 
at 875 MHZ. This phenomenon is consistent with the transi- 
meOn vO Dackiire directivity. However, in this frequency 
region the attenuation becomes negligible and as the fre- 
mulemWey Or —Exe1tation is further increased, the wave on the 
structure is once again of the standing wave type. 

To sum up, the propagation region is immediately fol- 
lowed by a strong forward radiation region and then rela- 
tively weak backward radiation region. Thus, the tapered 
version of this array probably will be a poor log-periodic 


antenna. 
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Figure III-2. 


Measured amplitude distributions 
for Type A antenna. 
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Figure III-4. 


MNeasuread ampiatude and phase 
dastrigweren for Tyoe A antenna. 
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Measured amplitude and phase 
distmibuivenenenr Type A antenna . 
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Figure III-~6. 


Measured amplitude and phase 
distribution for Type A antenna. 
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iB. TYPE B - UNIFORM ARRAY (REVERSED) 

This antenna is shown in Figure III-10. . It differs 
from Type A, just discussed, only by the feed mechanism. 

In this array, the loops are placed along a transposed 
feeder. This method of feeding clearly introduces a 180 
degree phase shift between elements. 

The experimental data and corresponding k-8 and at- 
Seavavl on drigeams are shown in Figures IiJ—tilitheough 17 
The frequency range is the same for both types. The tech- 
nique for obtaining all data and the manner of the presen- 
menon OL results are identical. 

By inspection of the current) amplitude/phase distri- 
bution curves and the corresponding k-8/attenuation diagrams, 
it is immediately seen that the wave supported on the struc- 
ture is of the form of a standing’ wave and experiences no 
attenuation up to 550 MHZ. Here propagation constant is 
determined from the standing wave pattern. In fact, 550 
MHZ is the propagation constant turnover frequency. At 
frequencies above turnover, up.to 620 MHZ, the standing 
wave pattern becomes distorted and the progression of 
phase is lagging. This would correspond to radiation in 
mnie forward direction, but on the other hand, an inspection 
of the attenuation curve shows negligible attenuation in 
this frequency region. In this frequency band, the propa- 
gation constants are determined from corresponding phase 


CUE CS. 
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Figure IIi-10. 


TYPE B - Uniformly periodic loop antenna (reversed). 





At 620 MHZ, the phase changes from lagging to leading 
and the attenuation becomes significant. The plots of am- 
plitude distribution shows that the rate of attenuation is 
greatest between 675 and 800 MHZ which corresponds tO an 
Moerclenivatracdiation in theybpackwardvdsrecraon. Sis tie 
Pmeequcncy —OLrexcCi1LaLion 18 taereased Up to LOCO MZ the 
wave on the structure becomes a standing wave and attenua- 
Plome1s nepeligible. 

iaaViomanenea se itl Irequency, esti Sean ain iaunce 
srstripuprons being fairly smooth. The phase still teads 
on the structure. However, at 10/0 MHZ, the attenuation 
becomes very high again. It is expected therefore that 
toe Strueture should be radiating and predominately in the 
Beckiire Grrection. 

In summary, the uniform array has a continuous slow- 
wave propagation region, immediately beyond which it moves 
into a very efficient backward radiation range. Therefore, 
bie top—periodic counterpart of this structure probably 
will be a successful frequency independent antenna. 

Sinee the backward radiation is quite efficient it is 
Meweimportant what the kK-B properties of the structure are 


Beyond the radiation region. 
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Measured amplitude distribution 
for Type B antenna. 
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Figure III-13. 


Measured ampiitude and phase 
CistrrDuttemieor Type B antenna. 
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Figure III-15. 


Measured amplitude and phase 
distribution for Type B antenna. 
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Figure III-16. 


Measured amplitude and phase 
distribution for Type B antenna. 
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IV. CONCLUSIONS AND RECOMMENDATIONS 


The purpose of this thesis was to investigate the 
near field characteristics of uniformly periodic loop 
meas to obtain insight into the possibility of a suc- 
cessful log-periodic loop array. This objective was ac- 
complished by use of Brillouin diagram analysis for open 
structures. The Brillouin (k-8) diagrams for the uniform- 
ly periodic loop array have been determined experimentally 
for the unreversed and alternately reversed cases. 

It Pees seen from the data that the character of the 
Poase distribuvion along the structure, particularly over 
Gide —Tirshbecemmeor two, indicated the directional properties 
of the structure. That is, if the phase of the wave on the 
Suructure was leading over the first cell or two, even if 
the amplitude distribution corresponds to a standing wave. 
distinct backward directivity was established. For the 
875 to 1200 MHZ band, this phenomenon can be seen from the 
curves of the Type A antenna (see Figures III-6 through 8). 
Miearbitvrary reference point, on the standing wave pattern 
of the amplitude distribution, moves toward the feed point 
of the structure with increasing frequency. This corres- 
Ponds to a leading phase distribution along the structure. 
However, effective radiation does not take place unless 
the excitation wave undergoes substantial decay with dis- 
tance along the array. 

An effective backward radiation region, preceded by a 


continuous propagation region, was the distinguishing 


ay 


property Of vhe alternately transposed loop-loaded struc- 
ture. The establishment of this condition is imperative 
for achieving successful frequency independent antenna 
design. 

The d-f diagram of the unreversed loop-loaded struc- 
ture begins with a propagation region and immediately 
saitts inteoman effective forward radiatiom region. Since 
forward-directed radiation is an inherent trait in many 
known unsuccessful log-periodic antennas, this structure 
is not expected to be a successful broadband antenna. 

Inspection of the k-8 diagram of the reversed loop- 
loaded structure shows that the most effective backward 
radiation takes place in the 620 to 800 MHZ region. There- 
fore, with this type of feed, a log-periodic loop antenna 
can be constructed about a center frequency of 710 MHZ, 

Me usinieapaemor1pinal element of the uniformly periodic 
array as the center element of the log-periodic form, and 
by setting the axial spacing between the fifth and sixth 
elements in the log-periodic structure approximately equal 
Memmiemopactne Ol the uniformly periodic array. Ihe choice 
of appropriate T and a determines the upper and lower band 
Manes 

In this investigation, the reversed loop-loaded type 
structure geometry was chosen without performing any cal- 
culations. The dimensions of well-known conventional type 
log-periodic antennas, monopole or dipole arrays, were the 
starting point of the dimensions of the uniformly periodic 


isopmarray,  lherefores it cannot be claimed that this 


58 


Darul cy Laweanttenma mas been Optimized, Ditierent spacings 
or loop sizes may yield more desirable results. A theo- 
GoGkCd aia ceomaldubhnen experimental Genons tration, of 
Cie Unt OrMIiveperlocdi1c Counverpart of the proposed Tog— 
periodic tapered antenna are suggested as initial steps 
in the development of the broadband structure. The next 
wep Ms aeuneecrevtvlcal analysis of the log—-periodie antenna 
which will decrease the effort and time required to achieve 
a successful antenna design. 

The last step is to construct the log-periodic an- 


tenna and to test its performance. 
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APPENDIX A: A BROADBAND PRINTED CIRCUIT BALUN 


Many antennas that are used in practice are "balanced" 
with coats tO scowl. However, usually one uses coaxial 
lines to feed these structures. The conductors in coaxial 
lines are "unbalanced" with respect to ground. 

A balun is a device that transforms the field struc- 
ture of an unbalanced transmission line to that of a bal- 
pMiceoecranisimaoton dine. there are mumerous baluns 
f13, 14] which can be used over a wide frequency range. A 
g@ew vtCyYpe Ob@eminted circuit Dalun which 1s particularily 
well suited to wideband applications was used in this in- 
VesvlcavhOnemmeals balun toecasy tO construct and 15 com= 
ietcae. 

It is similar to the one designed by Bawer and Wolfe 
ed stv Loews tratecd in Biregure A-l. The Cop and botcom 
views laddearve the simplicity of the balun's construction. 

Here, the unbalanced input consists of a thin conduc- 
Pome veleanon eo ulie DOUTOM side of the dielectric sheer. 

The copper on top of the dielectric serves as a ground 
plane for the unbalanced input conductor. A balanced out- 
put for the antenna appears at the terminals X and x as 
shown in the top view. 


Length, 6 in the balun is about a quarter wavelength 


igea 


at the midband frequency. For proper transformation it is 


ee 
required that Z, =R lho? where Ze 


b is the impedance of 


Db 
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the wide parallel line, R is the load resistance and Z,, is 


the characteristic impedance of the unbalanced input line. 
A pranvea Circuit poardewith dielec trie constant 
Ep = 2.53 was used to construct the device. For dimen- 


Sional calculations of the balun, the wide strip approxi- 


mation [16] (W/h>.1) was sufficient. 
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